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THE CHARACTERISATION OF PHYSICAL AND CHEMICAL PROPERTIES OF A 



LIQUID AND A DEVICE THEREFOR 



The present invention relates to, a method and a device enabling the access of a large 
number of measuring points of physical or chemical properties of a liquid as a function of 
temperature and concentration of a component. The method is well suited for the produc- 



The creation of phase diagrams is usually done by storing a large number of liquid 
chemical mixtures having varying compositions or total concentrations, at different tem- 
peratures until phase equilibria have been established, i.e. long enough to allow e.g. phase 
separations, the formation of solutions or phase transitions, like melting or chrystallinity 
changes, to occur. This involves the expenditure of a substantial work effort and time, not 
least in view of the fact that the procedure may have to be repeated several times in order to 
obtain complementary information and each round of tests may take weeks or months. 
There is hence a great need to simplify the procedure and to shorten the time needed to pro- 
duce a phase diagram for the description of physical and chemical properties of a liquid. 

In the patent literature, WO 92/02 824 describes a method of generating a phase dia- 
gram for the conversion of reactor feed in a fluidised bed reactor by measuring concentration 
of at least two gases in the reaction gas in a region, measuring pressure and temperature in 
the region, determining concentration of selected remaining gases in said reaction gas and 
generating a phase diagram indicative whether the reaction gas is suitable for the conversion. 
US patent 4 810 286 discloses a method to reduce dissolved oxygen an carbon in molten 
steel by following an idealised trajectory defined by an upper and lower boundary defined by 
the carbon/oxygen equilibrium curves at atmospheric pressure and at sub-atmospheric pres- 
sure, respectively. US patent 4 122 343 relates to a method of generating correlating data 
from various products of thermal degradation of biological specimens. However, none of 
these publications discloses any simple and time reducing method of producing a three- 
dimensional phase diagram with a physical or chemical property as a function of temperature 
and component concentration. 

It has now been found that a considerable saving in time and work can be accomplished 
by performing measurements in a measuring cell whereby temperature and component con- 



tion of three-dimensional diagrams; e.g. phase diagrams, by the application of computer 
technology. 
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centration are used as the two independent variables. According to the method, several de- 
pendent physical and/or, .chemical properties can be measured simultaneously in the same cell 
at the same temperature and composition. The independent variables are varied in a prede- 
.. r ^ termined fashion-and at all desired measuring pbints*one or several dependent variables are - 
measured. 

More specifically, the present invention relates to a method and a device therefore 
which enables the ready characterisation of the physical and/or chemical properties of a liq- 
uid, e.g. in form of a three-dimensional phase diagram. The method is characterised in that 

1) at least one dependent physical and/or chemical property of a liquid is measured as a 
function of temperature and a component concentration as independent variables, 

2) the values for the component concentration are determined by calculation, based on 
data from control programs for the change of component concentration in a computer 
and the temperatures are determined by calculation from the temperature control pro- 
grams or by measurements, 

3) the value of the component concentration is changed by adding in one step or gradu- 
ally a predetermined amount of another liquid containing a different component con- 
centration, and a representative number of measurements of the dependent physical or 
chemical property are performed within the whole selected temperature range within 
the predetermined change of the component concentration, 

4) the procedures above are repeated at desired component concentrations and tempera- 
tures in order to obtain a wanted number of values; 

5) the values obtained for the dependent properties are combined with the values for the 
independent properties to measuring points; and 

6) the measuring points electronically stored in the computer are co-ordinated and visu- 
alised in a three-dimensional diagram. 

The measurements are suitably performed in one measuring cell, which is combined with 
two sets of control equipment, which comprise or are attached to the control programs for 
the change of temperature and component concentration, and measuring organs for the de- 
termination of at least one physical and/or chemical property and optionally at least one 
measuring organ for the determination of temperature. The visualisation of data can be done 
e.g. by presenting the measuring points in a three-dimensional diagram or in a hologram. 
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The component concentration or concentrations, which constitute one of the independ- 
ent parameters, are determined by computation from data of component addition. Concen- 
trations may e.g. be varied by the addition of a solvent, such as water, whereby a successive 
dilution is obtained or by the addition of a concentrate of the dissolved or dispersed compo- 
nent for a successive increase of the component concentration. One preferred method, par- 
ticularly at low concentrations of components, is to take away a certain volume and thereaf- 
ter add approximately the same volume of the liquid with a different concentration of the 
components. The advantage of this method of concentration control is that the total volume 
of liquid can be kept essentially constant. The concentration of components may be changed 
gradually or in a discrete steps. In the case that the component concentration is changed in 
discrete steps, measurements of physical and/or chemical properties are performed over the 
entire desired temperature interval at each component concentration. In the case that com- 
ponents concentration is changed gradually a large number of measurements of the physical 
and/or chemical properties are performed within a short period of time, in order to obtain a 
representative number of measurements in the entire desired temperature range and within 
the predetermined range of the component concentration. The predetermined amount added 
in one step or gradually may vary within wide limits but normally amounts to 0.01-5 % by 
weight of the liquid. 

During measurements of the physical and/or chemical properties it is preferred to meas- 
ure the temperature, even if this could be determined from control data. The procedure de- 
scribed above is repeated at such a number of component concentrations and temperatures 
that an adequate number of measuring points is obtained for the creation of a three- 
dimensional diagram. The temperature may also be changed either continuously or in a 
stepwise manner. In order to reduce the number of changes of temperature needed, meas- 
urements may be performed both while increasing the temperature and while decreasing the 
temperature. 

Measured and calculated values are stored and compiled into a diagram with three or 
more variables. This is suitably done in a computer with an I/O interface device for the 
control of the independent variables, as well as for data collection. A computer is also used 
for the presentation of data. For a graphical presentation of data, the computer may be con- 
nected to a video screen and/or a printer. 
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The present invention also comprises a device for performing the method. The device is 
characterised in that it comprises { 

a) at least one measuring cell provided with 

i) an equipment for the homogenisation of a liquid, 

ii) at least two control equipment, which comprise or are attached to control 
programs for changing the two independent variables, component concentra- 
tion and temperature, in a predetermined manner, the control equipment of 
the component concentration comprising a dosage organ for the addition of 
another liquid containing a different component concentration, 

iii) at least one measuring organ for the determination of at least one dependent 
physical and/or chemical property of the liquid, and 

iv) optionally a measuring organ for the determination of the temperature, 

b) at least one computer for 

i) the reception and storage of data relating to.the dependent and independent 
variables via at least one electronic circuit and the calculation of at least the 
component concentration from data obtained from the control program and 

ii) compilation of the received and calculated values into three-dimensional 
measuring points and 

c) equipment for visualisation of the measuring points stored in the computer in a 

three-dimensional diagram. 

The equipment for the control of the temperature of the liquid may comprise a jacket or 
a tube coil for the heating and/or cooling with a heat transfer medium such as water, poly- 
ethylene glycol or silicon oil. Alternatively, heating may be done by an electric heating ele- 
ment. Cooling and heating may be controlled via a computer program or by a constant sup- 
ply of the heat transfer medium. The equipment for the control of component concentration 
comprises one or several dosage organs for the withdrawal of the liquid and the injection of 
another liquid with a different component concentration. Exchanged liquid amounts are 
controlled by a program in the computer. Dosage data are used to calculate the corre- 
sponding component concentration or concentrations for the measuring points. 

A device for the performance of the method according to the invention is shown sche- 
matically in Figure 1 . Figure 2 shows a three-dimensional diagram, in which the turbidity 
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(NTU) of an alkyl polyethylene glycol compound in water is visualised as a function of tem- 
perature (°C) and concentration (%(w/w)) of the alkyl polyethylene glycol compound. 

In Figure 1 is shown a measuring cell 1, which is equipped with a stirrer 2, a motor 
driven burette 3, which in a predetermined manner controls component concentration in a 
liquid 4. From a computer 5 with an I/O interface equipment, control signals are sent to the 
burette 3 via an electronic circuit 6. In addition, control signals for heating and cooling are 
being sent via circuits 7 and 8. A heat transfer jacket 17 surrounding the measuring cell 
serves to transfer temperature changes to the liquid. A combined turbidimeter and po- 
larimeter 9 with a common light source 10 measures turbidity and optical activity, respec- 
tively. Measured values are transmitted via circuits 11' and 12' to the computer 5 for stor- 
age. A conductivity meter 13, a pH meter 14 and a temperature meter 15 measure specific 
conductivity, pH and temperature, respectively. Measured values are transmitted for storage 
to the computer 5 via circuits 13', 14' and 15', respectively, while the viscosity of the me- 
dium may be measured from the needed electric effect input to keep stirring at a constant 
speed. The measured value for stirrer effect demand is transmitted to the computer 5 via 
circuit 2'. Measured and computed values are compiled in the computer 5 to e.g. tables or 
at least three-dimensional diagrams which are displayed 1 6 on a video screen or on paper via 



In the three-dimensional diagram in Figure 2 is shown that the turbidity of the present 
alkyl polyethylene glycol is low at temperatures from ca. 20°C to about 30°C at a concen- 
tration of 0.2 - 1.6 percent by weight of the alkyl polyethylene glycol. A substantial cloudi- 
ness is appearing in the temperature range between ca. 32 - 40°C and persists up to 80°C, 
which is the end of the present temperature range, with the exception of a local partial 
clearing in the temperature range from ca. 54°C to ca 60°C. 

By using the method and the device according to the present invention it is possible to 
measure simultaneously a large number of different physical aiid/or chemical variables, such 
as the pH, conductivity and turbidity of fluids as functions of the temperature and the con- 
centration of one component, which may consist of one or several substances. By combin- 
ing several measuring organs in the measuring cell, it is possible with a minimum expenditure 
of time and labour to obtain data in a form that allows an overview of the dependent vari- 
ables over a wide range of temperatures and concentrations. The method and the device are 



a printer. 
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useful e.g. for the rapid investigation of phase equilibria. Thus turbidity offers a good pic- 
ture of where in the three-dimensional diagram two or more phases coexist in a mixture. 
.When an isotropic solution, e.g. surfactants in water, exists or when a large volume of a 
phase, e.g. a micellar solution, is in equilibrium with a small volume'of a different phase, e.g! 
a surfactant rich phase, low turbidities are measured. When the volume of the smaller phase 
increases, e.g. by the addition of a surfactant with a limited solubility in water, an increase in 
the turbidity will occur and vice versa. Different combinations of data from e.g. turbidity, 
pH, conductivity, viscosity as well as optical and spectrophotometrical data can offer essen- 
tial information about changes in the state of aggregation of dissolved species, such as the 
appearance or disappearance of viscous phases, such as hexagonal liquid crystalline phases 
or other optically active liquid crystalline phases as a result of changes in the concentration 
of one or more components in the mixture or a temperature change. 

Viscosity can be calculated from measured data of power needed or rotational speed of 
Jhe e]e^ be used to drive the stirring device. Thus, a higher-power- 

demand at a constant rate of rotation or a slower rotational speed at a constant power input 
indicate a higher viscosity as a result of a change in temperature or composition. The ap- 
pearance or disappearance of optically active phases as a result of a change in temperature 
or composition can be indicated by measured changes in the amount of light passing through 
two crossed polarisers positioned on each side of the chemical mixture in a transparent 
measuring vessel with a light source before the first polariser and a light sensitive detector 
after the other polariser. A suitable dependent variable that indicates solubility, e.g. light 
scattering or turbidity, can be used for a simple indication of the presence of dispersed 
matter. 

The method and the device may in principle be used for all types of liquids, such as so- 
lutions, semisolid solutions and dispersions, to an extent that depends on which dependent 
variables are suitable to measure under the prevailing conditions of the liquid. 



